Interaction of human leukocyte elastase with a N-aryl azetidinone suicide substrate: Conformational analyses based on the mechanism of action of serine proteinases.
The three-dimensional interaction of the enzyme-activated (suicide) inhibitor AA 231-1 [N-(2-chloromethyl)-3, 3-difluoro-azetidin-2-one] with human leukocyte elastase has been studied using computer graphics and molecular mechanics. Systematic conformational analyses and energy minimizations have been performed for the inhibitor AA 231-1 and its presumed complexes formed during the enzymatic process of inactivation, i.e., the Michaelis complex, the acyl-enzyme, and the inactivated enzyme with the covalently bound inhibitor. The beta-lactam ring characteristics of modeled AA 231-1 were in agreement with crystallographic data of related structures. Lowest energy conformations were found when the angle between the planes of the beta-lactam ring and that of its phenyl substituent was about -60 or 60 degrees. To study the interaction with the enzyme, the enzyme-inhibitor complexes were constructed by docking the inhibitor in the active site using enzyme coordinates from an X-ray crystallographic structure. The whole enzyme structure was used for conformational analyses and energy mechanics. Favorable conformations for the Michaelis complex have been obtained in which the carbonyl oxygen of the inhibitor was located in the oxyanion hole and the hydroxyl of Ser195 was in position to interact with the beta-lactam carbonyl carbon on the alpha face of AA 231-1. Simulations of the approach of the benzylic carbon by the nucleophilic amino acid His40 or His57 through an SN2 displacement on the halomethyl group of AA 231-1 were performed. The results agreed with the alkylation of the imidazole nitrogen N epsilon 2 of His57 leading to the inactivated enzyme (bis-adduct form).